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CHEMICAL EVOUmON OF THE EARLY MARTIAN HYDROSmERE; M. W. Schaefer. 
University of Maryland and Goddard Space Flight Center. Greenbelt. MD 

w,„ fnHav to a ro iH drv planet with a thin atmosphere, largely consisting ofcarbon 
d^r.SySot St^aS^en that way. however. Values of total outgaaaed CO2 tom 
Jreral to about 10 bars are consistent with present knowledge (181. and this a^tmt ofC02 

3£S ofcarbon 

SSte^^ttaf^sS^rm. wet period In Mars' history 

mU o™”S SyM^T^e^sTbody of relaUvely pure water In e^rfum 
with a dense (several bars) carbon dioxide atmosphere. The juvenile water Mre 

whi^Se SeSX of the roi-ks was equal to the dissolution rate of the carbon dioxide 

si 

assess 

processes to occur (no more than about 1 billion years, compared to the 4.5 bihionyears 
available on the Earth). Assuming then a total value for outgassed water on Mars °f500 
?S?m ^ra?ed^S the entirej?lanet. and only a few meters of that lost to apace- Omu£ 
thermal escape (12) at the time when enough carbon dioxide was lost from tiie atmosphere 
JSSrtSmS™ dropped below the freezing point of water on Mars, toere should have 
, . -i x oca 700 m of water still free and unbound. The formation of the highland 

by the thne uf the decline of the he^y 

meteorite bombardment (7), thus providing a natural basin into which this water could 
S3S? SwtafSmUn takes up rough* 30% (± 5%) of the surface of Map; thorrfore. If 
the available water was concentrated in the lowland terrain, it would have a s °™ 

1000 - 2800 m This depth is comparable to the height of the boundary scarp betwee 

h^land^“iowUmd terrains, similarly (though probably coincidentally) to the way in 
which water on the Earth is lamely contained by the continents to within the lowlands 
formed by the oceanic crust. There may be geological evidence for such an ocean on Mars . 

13, il’citSii and other cations are added to the water by chemical weathering, they are 
ouicklv removed by the precipitation of calcium carbonate and other minerals, forming a 
dSSt S toStone bm£to<he surface of the ocean. Even in the deepest parts c£hte< xean. 
pressure effects will not be enough to prevent the precipitation of carbonates, unlike the 

present situation on the Earth, where carbonate deposlte ^^t^Son 

water. By this process, carbon dioxide is removed from the atmosphere. The time scale o 

which thS occurs can be as little as 10* years (3. 6, 18). assuming no rewortoig posted 
rarhonates or when such reworking is postulated, a time scale of up to about a billion years is 
T^ocnnahi#* M As the cartoon dioxide is removed from the atmosphere, the heat trapped due 

planet's surface cools to below the fr^ng 

MtoTigwatCT *andttlesurfbce of the o<£n freeses. When the surface of the ocean too« .the 
removal rate ofcarbon dioxide from the atmosphere is decreased, due to the decreased rate of 
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lh J*. ?y»sPhenc carbon dioxide pressure and the temperatureSntou“ to cSreSe 
SSL?. = !i COme r a T' wh ' n «* Martlan ocean Is almost »mp£S“re^ peSST' 

for rf wSt?l«»SS! Calb ° nate de,IOS1, ■ “ WOuld ^ thic'knL 

uppSS^ ^< 1? the 

Uje ice itself gradual tUsapp^iSS^r^S'a^^^'^d 
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carbonate. these deposits would be progresslrely n^r ^^ate ^nd ^-HeT^ f al<aum 

to P raos * fhyors of these deposits would be primarily gypsum (CaSOa 2Ho OWir" ' 
^Ite (NazSOj. 10H2O). and assorted salts (5). CoSSSSSZ'^^”,, 

arbonates (4), consistent with such a volumetric mixing model It has also been subject #»h w. 
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GLOBAL RELATIONSHIPS BETWEEN VOLCANIC VENTS 
AND FRACTURES RADIAL TO LARGE IMPACT BASINS ON MARS. 

Byron D. Schneid and Ronald Greeley, Department of Geology, 
Arizona State University, Tempe, AZ 85287. 


The relation of volcanic vents on Mars to impact basins has 
been studied previously <1,2, 3,4,5, 6) . It has been asserted 
that the concentric fractures around impact basins extend into 
the crust and might localize some features, including volcanoes 
(e.o. 4) . In this study, we assess the possibility of radial 
fractures inferred to be associated with impact basins as an 
additional control on the location of volcanoes on Mars . 
Geologic mapping at 1:2 million scale enabled 250 central vents 
and fissure vents to be identified. Patterns of vent 
distribution (fig. 1) superimposed on a globe show that most are 
located on three distinct circles. The first is a great circle 
which passes through Arsia Mons, Pavonus Mons , Ascreaus Mons, 
and Tempe Fossae, along Protonilus Mensae (an area of fracture 
terrain) , through Syrtis Major, Hadriaca Patera, and a series of 
fissure vents southwest of Tharsis. A similar great circle 
trends SW to NE from the Hellas basin, through Hadriaca Patera, 
Tyrhenna Patera, Elysium, Alba Patera (which is approximately 
antipodal to the Hellas basin), southern Tempe Fossae, the 
eastern Valles Marineris chaotic region, and the Amphitrites 
Patera vents on the southwest rim of the Hellas basin. The 
third series of vents is on a small circle "4800 km in diameter 
centered at “ 104°W, 2°N. This site is near the center of the 

Tharsis gravity anomaly (7) and the loci of associated tensi e 
stresses (8) . Most fissure vents not located on the Tharsis 
trend of volcanics are on this small circle, as are Alba Patera 

and other central vents. _ , , . 

There are two more possible great circles which may be 
superimposed onto the martian globe. The first can be traced 
along the escarpment dividing the northern lowlands from the 
southern highlands, across Isidis Planitia (the site of a 
possible impact basin at ~ 273°W, 13°N) , fractured terrain in 

Solus Planum (a possible fissure vent source area), and. through 
Juventae Chasma. This circle may reflect the. role of inferred 
radial fractures in modifying the surface without associated 
volcanism. The second possible great circle passes through the 
Hellas impact basin, some large unnamed central vent volcanoes 
(at ~ 205°W, 48°S) , Apollonaris Patera, the escarpment . north 

of Alba Patera and the Tempe Fossae region, and into Acidalia 
Planitia. Acidalia Planitia is also. along the trend of the 
Tharsis chain of volcanoes and may indicate an impact site 

centered near 30°W, 60°N. , . 

Although concentric fractures of smaller impact basins may 
influence local vent sites, the global setting appears to be 
governed by radial fractures associated with major impact 
basins. This is supported by the association of one or perhaps 
two great circles with the Hellas impact basin, and possible 
qreat circles associated with the Isidis basin and Acidalia 
Planitia. The distribution also suggests that larger impacts 
produce larger fractures and can, therefore, accommodate more 
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